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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve an exchange 
coupling magnetic field, restrict Barkhausen noises and 
improve reproduction performance, by controlling an 
orientation degree of NiFe and NiMn when an 
antiferromagnetic exchange coupling film is used. 
SOLUTION: A magnetoresistive element of the 
magnetic head is constituted of a ferromagnetic layer 
and antiferromagnetic layers. In the magnetic head, the 
antiferromagnetic layer in a face-centered cubic structure 
(fee structure) is layered immediately on the fee 
ferromagnetic layer, and the antiferromagnetic layer of a 
face-centered tetragonal structure (fct structure) is 
further layered. The antiferromagnetic layer of the fee 
structure is formed in the vicinity of an interface of the 
ferromagnetic layer and antiferromagnetic layer. The 
interface of the ferromagnetic layer and 
antiferromagnetic layer maintains continuity owing to 
the epitaxial growth. The ferromagnetic layer is formed 
of an NiFe alloy, while the antiferromagnetic layers are 
formed of an NiMn alloy. 
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ASt^y KiCtJVT, N i F e 4fetfKN i MnCOElo} 

T\ ffi'MUfr* (fee) QgHttttttJlQflLhlc f c c 
(f c t) <D£&tttttt&tf^£ftfctti§*^j: 
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imxmi] mw&^i^^.in>mm.wm (mr 

m*ft\^X*s-fr Ym\m*hX&.m£nZM%ti&tn.%) 

Rm\m-btt& (fee) m&xh*), w&m-zm 
us*m&fomtt.i c cmig^ibffi'LME^ii (f c t) 

mtim.~-y Y (MR^y K) „ 

MRS tKi«tt*I©»#ffiffiiCWt5 r. t & 
»tit5MR^y K. 
[f»*«3] H**l*fctt2lC|2«W>MR^y Kfc 

*5Vvt\ MRj§ i£&&tt#JI©l?-ai*^fcr* A- 

R-y K. 

[fll*«4] H#*l~3wv^-f^{-i2«roMR^ 
s/ Klc*5ivc\ MRlfiN i Fe^4T-fc*l« 
tt#/§i3:N i Mn&4t-e$>Z>Z k&ftWlb-rZlAR^y 
K. 

[ft*^5] fg*«l~4«DV^Ttb^lCia*OMR^ 
y Kfc*3VvT\ MRlffl (111) ffieiRj££$«K ^ 
f ^=Sriy^/^*^"5ri6-CB.O fccWfc t«jgK 

Sktt©*>5JI«rMRJioTiWii:UTEi-'5wi:*»« 

[fll#K6] M**5fcB*M>MR^y Kfc*i^T, 
MRJK©TiffiKfiT a , Ta/Si0 2 tfcttTa/A 

MR^y K. 

[»*17] B&i&^K&a^S&ttttftje (MR 
Ji) tc:ftfcSfflffl&T3Ka*tt*JiK:±oTfcm»# 

'--y Kd&VT, MRJ§£— 4 0 V SkJXDWM^'f T X 

■f^JLUb^ts^b^mWibir^MR^y K©$}3g# 

[»*«8] St#«7KIE*©MR-y K©»g#ifc 
KJoVT, MRg^^y^^^ajCifJ^B^-ft;*!! 
SLfcflL MRS#grJ£©ff*fc45l*itDe«r&tf:. 

[*w©«mb*rw] 

[00 0 1] 



*fcaaassB»*Ji (mrjd t *■©«£#*£«*> 
s. 

[0 0 0 2] 

b fraUS Ltz.mm • S£ftfP£¥ y YXft 

5 !) K, y:/ttfc!M»«Jfc» 

«©B*fflR£!S:tt;fc;< v¥+ y/lS^y K, 

s>-5o *f*«jfc»±. mmm®mk\mmb%z.ibtizu 
ms&&nmm$s.^ y y k»r loo & 5 . 

[0 0 0 3] SS^'f^^SBSr/hM'fti-'Sfc* 
y K©«*ta*#ffiTLT L£ 5 *ftftill3ftfc 

P>, MR^y KT?ttft^«#©*£ £*fctt:£ft©^fc 
< i t>-#£&W-f 5 Z.b\z LTV ^fc*, tftbttttft 

-^y v bm&f 1 * *9 b<ofttt&&\<immmz—m-T?jb 

X^Sa©/h»t;g»iil*rLT. MR^y K©14IE(6]± 

[0004] m 1 2 tt1Bflflf££li3!«S^y F©«l& 

l£»o T§)W Lfc«©£«¥£*«*WMW*«a» & A 

K 1 » ilf 5 y K~>-^ K 5 ©Kt-^*HTfiS^ 
ffiBSWft*-? (MRSU-f) 3«5EI*^fc»tflOM 
R^y K*J^j«*nrv^5. 3Et, ^©±gic:±lfBBSS 
7 * 5 y K >>-/f K 5 Id i o T * tb, » t 
ji^©3^/i/6dS|9:»j-P>ixfclBS^ffl^y Ki: LT© 
»»S!SHSEa«a^y K^MR-^y K±fc**S*L3. W 
— y K(i5 y Y'^—jv Y 5 i 9 S^lc^ftjl;:^;* 

[0005] ««|BMKi4c9A^&ji,fcMR^y K©« 

WSPSrill 3|c^i- 0 MR^I4, ttjKSjnSMtSra-f 
SNiFe^©3S^tt^S (MRS) 3, ^KttT*itt!5 
ftlKffiSitt SrW-t-STa^tciS JK^^ill 9 « «t XM 
«ttW^*5y7h^7^R (SALf) 8©#g 
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*fc£5K3S«ttfl«3 oa*W8Six5. rosattt 

#13 0 OMRS 3 t£*f LTRa&«f^*»frftMB 

^a^^MR^aSlC^^JX^t, MRi3^fi 

[0006] mra^ KK*5V^*fcBaHKft5r. ^ 

(N i F e) RjSSflWBSixajSS. N i F ei§OW 

*fcj:oT«Kttisite*^ft«a»»*aitf*, n i f 

[0 0 0 7] Z<DsVUps^W>/>( XjJ}]$lJ(DfcftlC 

tt, MR^^S^fpjJc^i/^^^rtt^K^^^ 
MRSR^SrWKKft-rS^t^^a-Cfcio Hemps 
tead&Fi, N i F el±i:S»tt#OylF eM 

o^tr^*X«*IS:^K:J:5aftttK:!|jr-&**, Ni 
F e^^cO^t^cDrRJt^rF eMn^^t^OfpJtiCfli 
X^^^LT^ (IEEE Trans. Ma 
g n., MAG - 1 4, 521 (1 9 7 8) ) 6 Lfr 
U F eMnRoWBMK^^il:, N i F e 
/FeMnMIBOSE»tt-&«# (Hua) ^^l"^ 
n (TB) # 1 5 OtfiJLTfcJtftttfiV^fc 

ft, ttffl*fl=33J:tWIWfcSllfi*Srt5^4:-e*)5. 

[0008] Tsann. Linfett, FeMnl^ft 
LTN i MnRSr«WLfci»S*Sr«feLTV^5 

(Appl.Phys. Lett, 6 5, (9), 11 
8 3 (1 9 94) ) 0 TBMi4 0 0tK±, Hu a fi 1 0 
0 0eSX±<Dmk&7FLXtey, SfclAttUFeMn 
JR±9 t>Mt&5r ^^tvTi^o Lj&»U Fe 
MnJRtt»JR«ffc*3V^-C 1 t>2 0-3 0 0eOHua« 
tetZiK N iMntttt»IRl*^*3V^"C» 0e-e*>9. 
NiFeIt^imW^^ 0 NiMni 
(OHua Sr5ISS*T4>oitJnJ$*5fcftKfi, 2 4 0 

-25 oti^i^ffla^ft^raai^iRteaAs^g-efc 



<B»fi*3ittffiiL\E#ft (f c t) TfcSritfjJlbjx 
"CV^5 ( J . S. Kasper, et a l . : J. P 
hys. Chem. Solids Pergamon 
Press., 11, 2 3 1 (1 9 5 9) ) 0 LfcdSo 

-r, KM«tt«r*i-t>«)Htttfi«ii*f c tmmxhz 

b^TLik. n$£<DN iMnt^oTtHu a 
5o 

[0 0 0 9] 

^•»*hfc. H7|c-t<o-«Sr*+3», NiFeO 
Tmmt ItTa Lfc*& iTagi L<DWr£ 
"t?tt, Huali^ (1 1 2^60 Oe) dfiT-fS 

9ottJS6hr (ataarj:^**) ^a^*jsufct> 

TttfcUCJtifcLT* Ta*T»»!lfflV*i&li, f 

c cMmztzN i f eso (i 1 1) momfaBt&fik 

[0 0 10] H8JC»4 2 0/9 jfe^i 9*»fcXi»|Hl*f 
3S*©^n^^-^S:^-r^ «tttS i/S i 
0 2 /N i F eOKUffci: S i/S i 0 2 /Ta/N i F 
e^M#^X^[HlSf^S:rt^-r^t. T a SrTttR 
ibfc|ft#<O*3SS#il3 0flff*tV^**s#bJxfco wtb 
Ht, NiFeliNi Mnmoftm\Z» ft 
<H*LT^5fc<0fc#*b*b5. -tt£t>*>. NiMn 
R*SN i Fe^Ji^b^^^^/^St-^rtlCil? 
N i F eSiN iMn«<0tt^tt^<4«fc«>i:%it 
6^5o LfcSot, N i FeKfcffgffiLT^6£S& 
WtfeSNiMng^Milft NiFeiHi: 

[0 0 11] i^*"?, NiFel^(ll DIEfilt 

SivCH u a Srif 1 5 - t s^BSttfcfc 
ft. Hu a<DI8JMfffcol*TttWLfco fc*3, &[f)SIrJ 
Ji^ffi^-oirLT, g«±<£S i 02JBSr»*L, 

s iSK^Ta&sv^ttN i f em%m&mm-tz>%m 

tc <£ 9 it * nTfBTfc art HtRfc: 5> 4oTV N 5 0 
S iS4E±KES5Tafc5V^ttN i Fel^SlU «* 
5* £ P«fcXj|III*H»«Sr»3eLfclS*SrH 8 td^-t 0 

^LTfc3 0 jHSSB**«rt*LT*5i:, NiFe#i 
omUr&Mft* S i/S i 0 2 /Ta/N i Fe^BJr 
?iffitl^eSlciiJpL, Sl:NiFe(DTil-TaS:a 
SLfcS i/Ta/N i F e<00#f3ft&tt> Si/Si 
0 2 /Ta/N i F eOglJr5S*^2ffiFK±0*:#*<t 
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zmfeLtcf&Mzmi 4\z^-r 0 ^©asm. sio 2 i 

^©HuatfSlOO OeSk±^-t<D\zmV, NiF 
e(l 1 DffiBBftglRlJb&SSL^S i 0 2 git©Hu 

[0 0 12] 

[■»***■*-«*:©©*»] **wb:» watytip 

A£*piJfLfcil££, N i Fe/N i MnBIOH u a §r(pj 

^t«tPj$1-£. MRJiiS&^tt#/§a>ib«/££*x 
fctfcttiSBSrfrfSMR^.s' KS-feVT, W>btt& (f 
c c) ©MRJifcitJHfcLT f c c 

ttf^s^asLT. jEtcf c cmm<D&.%m&#mo±. 

*KttiB<fjE** (f c t) #&fr#-*-*£itt8tttMi 
*^5RSfc«ttffJlri, MRJlfcg!**ttf«I©IHB£ 

LtftN i FeM^D, -^S^att^SttN i 

[0013] «r»Lfcft3i6«©Biaifc-c*rffca*©* 

5„ Hua \p\±.<Dtz.#>K\-i>pt£<. th2 

-Cfc3„ r*t>*»» ® f c t tt£tt£*#-t-SKttaE& 

*^#&1--5rt, ©NiFe/N iMnJHBttS&tt 

«©-«©R»«tfe#tt f c c tt£fl!&a*|gA±&S t 

l\, lfc#ot, ±E®i:®*WSc**5*:»KiHt, N 
iMnl&6S2/Ht*igfcft3r t^^t*5„ r©»t 
i&<DWL&mZmi\^-fo NiFelCiSMRltNi 

». m^mmm («t. TEMtn&i2) q 93 & 

[0 0 14] N iMnf££3K3&8Sttfli:g©5*> 

f c c*»6 f c tKlSdWBSaEfl:***-*^***!* 

14, N i Mni©iti ! N iFelirPDf c c«jt"C 
foS„ £©«**TEM-T?**Lfcte*#B3-<?*>3. 

i Fe/N iMn#ffiH:^MBKt?^Ki:#x.?>^5^ 

■C, Sft*ffi#*flSLfc£i:#«tfT?S5. NiMnI 
©»A«3ttt, am$£3t(If c cflSire&ofcflK f( 
&a©$*K±!mRJl<h©^ffi©K*HI!lrt s f c t» 

ttfttt. fccHfct lcaa»&lt»b-t-4 



[0 0 15] Jfcfc, N i F e (1 1 l)aBElRl«ft±D* 
#< Lfcf^WHu a ©eTJSSfi, 9URl$J:Htttt$ 
f^a&Kfc^TfcN i MnOiKNMffifta* f 

^OTEM^Sr03I^Ufc^, EUlC^-f-J; 5 ICS i 
02ffi$8U©TEM&l*N i F e *»fc>38£Ufctt:|fcA 

WBHEttfcTta. Lfc#oT, NiFedlDSBB 

N i F e (1 1 l)ffigaip]g(4, NiFeliNiM 
**Jd»oN i MnfO fee a><b f c t^©feH 
-f#fc*K Si/Si02/Ta/NiFet#6tlfc 
5. 

[0 0 16] 

^©Ar^BE^JttO. 2~0. 5 P a, »Ki&©£HgS 
£fitt2xl0-5Pa£TF£B£i:Ut, gffii&Kte^ 
ja-T?fo5o MRlt LT©N i FeSIC-fftK^, 

JWftt*rf+#"t-$fc», i»70 Oe ©#-SBB£#<£rl=PJD L 

S i ^i/N-fcfflVfc. SgJilCT a (2 0 nm)/N i 
F e (3 0 nm)/N i Mn (5 0 nm)/Mo (1 0 nm) 

tt*J&£ttl. 6/2.2/1.1/2. 2w/cm2ffe 

2 6/em im^nmm sriwiu 

W^c ;Cu, ^HjE ; 5 0 k V, fWJft ; 4 0 mA 
©&#-C, SfeHu attSftS^tf (VSM) 
Lit. 

[0 0 17] H7ICN i F e©Tflfi&£: UTTaJR^ 
*«£fc*V**|£©Hua©IH««r*1-#, TalW*) 
©**s»2ffiF»v^Hua**L"CV^*ii:*s^d»S. 0 
8t2fl/flStJ:8 *»fc#aW«J6©X»E»fiiUt 

©JtKSr^-f-. Si/Si 0 2 /N i F e ©ftlfi 

{^iSi/Si O/Ta/N i F e©ffig^©X^[Hl 
Sr^fi«rit^-rS t, Ta BIOTAS t Lfcft*©*** 

3 OfejzZ^Zb&ftfrSo N i F e©#ffi(C*3^S3i 

tt**jfi!«©ft#K:jS:*aJ, *»We»N i F eJR©(l 

l i)fl5Efl*©fl±a* J t©»^*K©'5MM:Wa 

[0 0 18] i^*^-r/i'j**4r«j*$**fc 
©Ktt, *B©flWKfc:'biaitl«K4KH-C*>6. b^* 5 
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ot\ N i F e/N i M n#B®fiW r Jxfc&S-f- 
rcofc*. N i MnWSKBflt-N i F e»iy 
^^^Ufcii^ro^y^-V^Hlfc^OS***, Hua 

^at-i 9 N i F e ©SSffi^-f 5tf s , -€"©}&I>£ 

P#©agW£fHfll>L.;fc. i©iB*d»t>, NiFe/NiM 
n ©#ffi£ £ 9 mmt-fZ ZbKi.*)^*'? **s*rM8. 

5 ^ i: ttW b *»•(?*> 5. 
{0019] — y * !> ^ife-Cttd&KKl/M T 

fc, n i f eW&&f<om&'UTxn&.t(i i dsei 

*rM«©Bfl**Bll OK*-*". »g/VT^«BE*r±# 
±"f"3. *©*©Hua©««r»eLfc8*» 0 1 1 1£ 
oTHuat>JtlP«iei***)9, -4 OVRh-C-*©*** 
[0 0 2 0] 

[»H©3&*1 #38W©IQfcfcJ:»>Ei*^£*IS£R 

3£&Bfctt#«©B*g©#pwic i 5 . mmmmzm 

[HI] 



[0ffi©ffi¥ftifc91] 

[El 1 ] J: 3&fflSl5»rE«J& 

[02] N i F e/N i Mn#EIC*3(t5^t' , ^^fv'^ 

Aifcs * ^its©*^!**? JMt 

[03] ffc«yiiij&©N i Fe/NiMn#B(C*3W5 
««©«*K»«?JI*©tt* 

[04] Sfi/Ta/N i F e/N i Mn/MofllS 

(Dwmvni-mmLifnm (s i 02*u 

[05] HJ£Wc«fc3i»i#j£ (S i 0 a W9) 

[Be] mMmcxzmmmfc (sio 2 4d 

[0 7] T a M*«©«^K©H u a ©fc(fc 

[0 8] si 0 2wmm<D%.mi3£.xf2mm<DMmmc 

[09] N i FeIis/f^WtHua<D||# 
[010] DC/W7^«JEt (111) SEt^S© 

[011] DC/^T^ajSMNf©Hu afe#tt 
[012] «*©MR<^y K©W*HMt*r**TW«BI 
[01 3] fl£*©MR^y K©*a»©WBH 
[014] Si 02KW*©«SJK©$»*Q:3£&©Hu a 
©Jfct!E 
[*F#©RW] 

1 T2B->-A-h\ 3 MRS, 5 ^yhV-A-K, 
6 a^/K 7 ±SP«tffi, 8 MRilHK 9 

us. 12 ±Mmmm. is caw^-vy:/, 20 

Sfc 2 1 J&SUi, 2 3 TffflKfiUl« 25 » 

30 mm&wm, 32 ts 
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K3!5Btt*» 
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Mo 1 0 n m 




NiMn 50 nm 
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N i F e 3 0 n m 






Ta 20 nm 




S i 02 1 tin 




Sid 00) 
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[H2] 




4 0 n m 



m4] 




S i QML ^ 

1 0 n m 
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W\6] 



[117] 



i 


Mo 1 0 n m 




N i Mn 5 0 n m 
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S3 
fit 


N i F e 30nm 


/ 


Ta 20 nm 




Sid 00) 




3*v*X0.4mat3 




TaKty 



T aiil 



[13 8] 
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